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(54) GaN-SYSTEM SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a GaN semiconductor light- 
emitting device which is formed on a GaN single-crystal substrate 
and has a structure the current leakage is reduced. 
SOLUTION: In the GaN semiconductor laser device 50, a p-side 
electrode and an n-side electrode are disposed on a laminated 
structure-side. The device has the same structure as that of a 
conventional GaN semiconductor layer device formed on a sapphire 
substrate, except that the laminated structure of a GaN compound 
semiconductor layer is formed directly on the GaN single-crystal 
substrate 52, without installing a GaN-ELO structure layer by using 
the GaN single crystal substrate 52, instead of the sapphire 
substrate. The GaN single-crystal substrate 50 has core parts 52a 
in continuous band shapes of 10^m width, and the interval between 
the core part 52a and the core part 52a is about 400|am. A laser 
stripe 30, a pad metal 37 of the p-side electrode 36 and the n-side 
electrode 38 are disposed in the laminated structure on a region, 
except the core part 52a of the GaN single crystal substrate 50. A 
horizontal distance Sp between the pad metal 37 and an outer 
peripheral edge of the core part 52a and a horizontal distance Sn 
between the n-side electrode 38 and the outer peripheral edge of 
the core part 52a are 95|im. 
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J] t>m*L. u - If IS ffi f 5 w t tJS 3f£iJ o fc „ 

* fc , s/ K > ^ ^ 3 7 ^ 3 T ffl ± Ic fl^ $ T ^ ft ^ PS 9 , nlli3 6 (S IC 3 7 gf 
il:|iajntt>fci: LTt, ttSEy — 4M*^;ft<ia^*#<ftibft^r<fcfc|L^mLfc 0 

[ 0 0 2 5 ] 

* r T? , ±fEgfftl£itj£i-3fciol-, *lilC«5G a N^f Sf^Sf (J, MKAPfeffi 50 



JP 2004-23050 A 2004. 1. 22 



Rit&fa&KmirzMi&mxf&mi&t l x m an to & m tg ffi ± ia m xvt m & x r& m « u 

G a N««±|C^j«$tt7tG a N ^ ft ^ tl ¥f (^1 (O ^ , 

& «» XL , « ffi flt . GaN*«C0=iT«Btt^»**±«>«Ji*jft»cM!ltfe*t-CI/^6ii:* 
1 0 0 2 6 ] 

*f«i:i6Ga Ni^iftl^fii, ± <o 2? tfe r- # gi L fc J; ? (c. oflfl^ttti'T 

. fefa^^MM^ &Wix % 5\ % & ^ ti<n % =3 t & ±<nffilg Mil . GaN 10 

[ 0 0 2 7 J 

3 r «j i± , ii m & « <o ga m tn m <o ia n , s. o< # » §y ga ?>j <o ^ -r *i t> <o * « ® ± ia 
?ii t? ® & ^ m m & k # & -r s . 0*9, nrgpu, gs ( a ) & tj« ( t> ) ic ^ -t- «t e> n 

. S«ffiT'ii^^#tX(iifiiu^tt(CMftLT^T'b, X ii K y hft ff) a 7 Hi 0 7 (a 
) ri><b (c) ^^-r«t^(C, »«LTEl$HT^ttai\ 

— 1j CO H ffi t it . S!@fflfjg±|rjfJfiSt$tLfcttffiT*fco-r, p {») m ffi T- t> , n ffii) tit'tft 
^ o * fc > - *r cd « ffi (± , jegigroHPSr^Lt, §| £ ttj L « ffi <b U T Wt V h tt Ac y K 
^*i:ggL-ci>5, — *comffico^E^«(±. M £ co ® ffi s ^ £ * i- -5 is 9 fi 1c -C 20 

0 t , * h7^ttt-{,, eg ft ® -e t A ^ o 

■>< y K > d> JV <D ¥■ ffi M # J± , 51 # tti L « ffi «t L T ft h£ T Z> m <0 ii M X tb o T . * V =7 -< f 
X 4> . E9 ft ffj # T* fc , ni^ftft< , £ tc . /<y ^?A-Oli(tl±, 31 * ffi L tt ffi k 

1 x m m -r a i® <? ft m x *> o -c . x u t i / p t/A u^ej^sant-fes, 

[ 0 0 2 8 J 

ffll' =>TgBi:=Tg|5t<^Bf]BH^^:#^GaNS4E4:fto-c, mffiSB*. -conrSp 
o \z -t Z , 

wosib*t4»e>n«i/». os o , titis^, wm^ . GaNis©37»w^©««j;ro 30 

»ifi(Ci4. B«IiliCOGaNStR<0^4ife*|cS^^T > H ffi ^ , 37a5W4"i>A>f, 1 0 0 

— ^ CO m ffi TiS , =rffl5CO^-^ffl5 7i»e, 5 O u m ± m tl tc G a N£«CO®l|c±cO^®fi|it(i 

o 

[ 0 0 2 9 ] 

-*W*«K>^|Sj*]fil4. G a NSf Ojffil:Rft5>ixT^t6< ) * fc , - ^ <0 « ffi W 

*f 1*1 « ffi Si JB « it M U IS it 6 T v ^ T t a ir » . 40 

-*"coftffico*J-|*i«ffi^aSffiiti»llclS:it5ir#(c:(i, ft m « , — *tomffi^.t>'*J'[S]® 

ffi co ?x * * = r &> *v co m « ± co m m m m m k r it s «t 9 ic -r 5 . rina^ jicii 
y - 9 z n m 1- 5 c t ^ x- § 5 0 

[ 0 0 3 0 ] 

*&Wlt. G a N % ^m-fcm * ±i® , »CG a N3R**y^ K, GaNm¥*f£u- 

« * ^ tr . g a n ^ # m m * iz in- m k jt ffl t? # s . * t , ^ k * ? ^ *s m m 
t m ^ m < a ffl r* # 5 , 

M(C(±, GiN^FETfGa Nl^rng^/^iK- 9 h ? V * * (HBT) t' W 
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£ fc\ - * <n m m . m fa « fig > & u< - * <o « « y k * * /u t #t at -r z> & m m & k m ^ 
m < m m -c # z> 0 

* 3S W T? , G a N*ft^»*»*ttt, VSHtll (N) «: *f L . » ric A 1 H B b 
Ga c In d N x P y A s z (a+b + c + d= l,.0£a, b, c, d^l, x + y 
+ 2 = 1, 0 < x S 1 , O^y, z ^ 1 ) t'S$Jil5<k^ft*«»^f 9o 

[ 0 0 3 1 J 

8Sf+E!ffi«:#JHL* * ffi tt ffl £ ^ if T * 55 W <r> H Jfi o M m £ Mr it W t5> o l¥ M K 
fft^t^o W , WTco*Jt»lg|«-c*i-fiJtllt*rjS, ft * M * « * J§ co » ric f 4 . * « m <F> 
MM Sr ^ % M i" 5 fc ab <o - o co m jjk x» *> o T , # & 9m r ^ ic pg £ £ ft 5 fc co T* tt * 10 

H 1 ffi? 1 ffl l 

***KJB0Jf4#38WK«SG a N5K*i***^-S:G a N**W#U — L fc 

* ft B ffi 60 - 0j T* fc o T , mi ( a ) (i*llfi»lM<?)G a N^#ifrU-f 

S: i" Sr ffi Ek Sl 1/ El 1 (b) {4*llffi^ffi^JOGaN^^«i$U~lf^^<7)pfti|mffico 

^ k t< * /u x w n mm m t = r ffi t <d is m m m * m -r w- s a t* s 0 

[ 0 0 3 2 ] 

p (M m m r xf n » m ffi « • m at <m k it e> ft r ^ 6 * « — if*^-c«>oT" mi ( 

a) C/f tJ: * 7 r >f T » IS l 2(cft*T9(ra^ia9*c*-r«ptt*:*i-5«ra*#l 20 

)*OGa NSft5 2S:ttl\ ^oGaN-ELOtlil 4 t R It 5 : i ft < G a Njft 
^ft^3|^/B<a»JStiti&3:ii:&G a N g t£ 5 2±fc»j*Lfcri«rl*^-C, 15 WG a N 

* , HSOGa NSR*|#I/-f #f 1 0 tH«i:, « ffi ffi (4 , p flfl « ffi 3 6 t % p ffi'J 
CS3 6 W9IMLtt«t LTS i0 2 «3 4©BP«r^Lt p«i«3 6 ttUWC* 
Iltt^, p«ltft36J;0ttl£<7)^yK^^^37tSrtt5. ^ K ^ ^ 3 7 £D 
*1 fiE (4 , Ti/Pt/AuT'foSo 

[ 0 0 3 3 ] 

G a N S m 5 0 (4 , 0 1 ( b ) ^ i~ X 0 (C , W x. If « 1 0 j« m © K y h*Xtta«fftt 
W^7a52a?:f U 37»52ai37»52a tWBBB 4 0 0 // mfiKtfci, 30 

- if * h 5 -f rf 3 0 , pffll«S3 6&tf/^ ^/U3 7 ttt5.pfllt«» ( ' ° y K 
>?^3 7^ft«t5) . 3fe t>* n M S m 3 8 (4 , Hi ( a ) R ( b ) I: f 4 9 C , 
G a Ng«5 2 <£> =» T ffi 5 2 aJW^O««±^«»«iS^|a:Jt&iX"C^So 
p ffiij m 1® ffi ( ^ K > * /U 3 7 ) & V n fflij S ffi 3 8 CO fill] $1 ffi f4 , a T ffi 5 2 a CO »f» *6 /J^ «b 
1 0 0 /zmiBLT^S, t£oT. y K ^ * ^ 3 7 t a 7« 5 2 a<O^H»i 

co m <o * w- hi s p a n fiij m m 3 8 t r ffi 5 2 a co ^ ^ ,m t <n> m <o * ¥ sg k s n 

14 , S*i t, 9 5 m m T* fc o X s p fflij « ffi 3 6 f4 r ffi 5 2 a <D M Wk ffi h 5 0 /u m & 
[ 0 0 3 4 ] 

H2Stf03 S:#iLt, **iilMWG a N^-fi(*l/-f if 5 0 40 
£!A^ir-<5o 02 (a) frb (c) , Rt^|g]3 (d) t (e) (4, tttf tt, *^ffi?f$ffi 
M G a N***#l/-f *^ 5 0S*8tiR©IiSW»jjpHT'fc5. 
*mMMmm<D G a N****U — 1f*^5 OSrfPKrSURttt, ^Tffi5 2 a t 

^Tffi5 2 a <t<7)P^fil^ 4 00AzmS*<7)Ga NSffiS 2S:ffifflt5o 

-t L T , G a N » « 5 2 _h (C , M O C V D S ^ C J; o T II * , m 2 ( a ) C t J: 9 C 
nMGaN^V^^h^ie, n?SAlGaN^7S'KJil8, nSGaN^/>fKJl20 
, Ga I n N^lif #F (MQW) ifiWgttl2 2, piGaN^f-f KI24, pM 
A 1 GaN^7^ K12 6, Sl/pMGaN^V^^ M 2 8 ^ x 

^7ffl5 2 a ^te<4§^^i(i, m 2 (a) C/Tt^C, a»«iSrt^e»UTi««« 50 



(9) 
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X Uk M m & M til Ltl>5, 
[ 0 0 3 5 ] 

ft. \ > X , pSft^*i|ii»(*:i(?3ffittftiji!ilt Lt, ft if « ig £ T -fe Hv-CSfcfrLTWflS 

m g «: e ft u -c\ pgft^ftf fflciwisttfttoitfif,, 

fc BHt IK & H F^^xiasicj; <3 (isitS. 
[ 0 0 3 6 ] 

M:, piGaNayn H281ICS i 0 2 Si 2 (b) I: * t i 5 10 

Iw . '^--y^LtX h 7 f :/ :R CO S i O 2 flM-r^^54*f$R5c-rSo 
jfc V* T? , Si0 2 H-7^n4i)i>t)pl!GaN=y?^H28JS:i;plAIGaN 
K| 2 80±»ltiyfyyLt > HI 2 (b) iZ. tH -f <t 0 \C , 3T«5 2a*»f> 

[ 0 0 3 7] 

SS T . S i 0 2 BI ^ ^ 5 4 £ |& * L , S'J co S i O 2 IS £ftHfit)g_h 

*J w S i O 2 RS:/^-sy^Lf7^^ 5 eSrffjSL, p S A 1 G a 7 y Kl 2 

6 CO T S , plGa Nif'f Kg24, gttg2 2, nlGaNif-f K120, n^Al 
G a N ? 7 ? Kl 1 8 , SVniGa Nay^^ M 1 6 ©lliiri 7 f V ^ L t , El 

2 ( c ) K ^ -T «t 9 fw , fitO = 7S)!5 2 a A> b * # < II L f; f I I: X h 7 -f P 7 y 20 

3 0 kmcjjfa<nmiE-tz>*-v-3 2 iMfHi-r s . 

[ 0 0 3 8 ] 

K V» -C , -7^^ 5 6 Sr|*4 Ufc«, ft € « Jfi ± Id S i0 2 Bfl 3 4 £ l)g L , U V 7 7 V 
^IXtfiyf >yiDIilLtplG a N = >^ ? H 2 8 1»S i 0 2 fll345r 
ffl P L , Rk»-cy 7 ht7»I|:lffiLT > El 3 (d) Id ^ -f J: 9 »c , p ffl ffi ffi 3 6 £ B 

H T , ^^77^1, ^-y^V-^AaX, Hlcy^h^^TjQISrJ&LT, 113 (e) 
ir jjx -T X 0 \z , p fill ffi ffi 3 6 tlMWl:ffiit2> p ffl §1 # tB L ffi IS t L X '< y K ^ * /u 3 

7 * fig -f -5 o -e CO |& . K^^^3 7 t£©37«|!5 2 a © ^ J8| t C I « jj« '> ifc < t 

i> 0 m m, *lMICii]fii 9 5 d mSilit^s J; 9 30 

JE I- , yy^77^«La, :n s> >- :f 7JP I , Il:U7 h^-7*I^*Lt> :& W = T g|5 5 

2 a o^ffli'blHLr^Sffii, *SlflMfii9 5 ^ m Si ti x ^ 5 ffi fi ic n ffl « ffi 

3 8 £ AS jft -t 5 . 
[ 0 0 3 9 ] 

^iiflfflroGaN^iliiftu-fi-T-SOT-li, u - f x h 5 -f 7 3 0 > p ffl ffi ffi 3 
6»/^ K^*3 7, R IP n ffl ffi ffi 3 8 7Jk G a NSg5 0©^7jfC 5 2 a a^©i« 

±6oajs«js(iia:»tc>ixT^sco-c, ffi ffi y - * a* up m s jx , ffijtc07t^«i^^7j?ffi^ o 

[ 0 0 4 0 ] 

g 1 1 ffl 2 

* II M ^ ffi ffl i* # 3§ Bfl IC 5 G a N^^^fr*T-SrG a NSR^WfcU' — Iffc^KiiSfflLfc 40 
XJfeJKffiCOglJCOffl-efcoT, El 4 ( a ) ll*Htt«l«<OG a N^^S* U-ff ^ 
fifc £ Tfc i- »f S Ek St>*El4 (b) li*^t»ffiW«GaN^^if*:U'-fi^cOpilti 
co / • -y K > * /u- & n ffl ffi ffi t ^TUt(D$lWLm&&m-f¥-ffimX'hZ>e 

*^«iW©G a N^¥ff*U-f 6 Oli, p ffl ffi ffi ?J5 ft g p ffl (- , n ffl ffi ffi # 

SSStBl^ltbtlt^S^ifrl^-fii^ffcoT, El 4 (a) ic tt: -f J; 9 tc, f7; 
<< T fi ffi 1 2lC^^T^3iEC0El9(C^-^#l4^*-r6tf*t^«)55cCOGa N fi ffi 6 2 ^ffiv> 
. rt> o G a N-E L O fit 31 JI 1 4 £ §2 ft 5 ' <k # < G a N^fk-^fe^^i^gcOftSPig^ 
IIG a NS«5 2±(C^fi)tLfcri:> n M G a N^V-^^ hll 6 ?r SJlt t V^i P r t 
. & t>* n « 11 6 4 ^ G a N Sfi 6 2 « I S IC ^ It t 5 ^ ^ ^ t , I 5 »G a N^*i| 

*u-flf 1 0ilD«^i«x.t^5 c 50 
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[ 0 0 4 1] 

o£*9 N GaN|*|(*U-f|^60(j;, 04 (a) Id Tjk ^ <fc 0 , GaNSK62i 
, GaNi«6 2ll:MOCVDSi:J;!ll||*|SftJtfc, niAlGaN?7sxK|l 
8, nSG a N#>f Ki2 0, Ga I nN^fifi;^#F? (MQW) «S^iS)41 2 2, p 
^ G a N K S 2 4 v pSA 1 GaN^^-y Ki 2 6 x RZfpmGaN^^?? h«2 

8^aiiti?iti:, p A] m m 3 6st//^ k * * >v 3 7 ^tt^na^ ^i^rt^ 0 

G a NS|6 2li, m 4 (b) C/TtJ; IS 1 0 m Oilffi^CO n 7 ^ 6 2 a 

L , 37a62ai37«t62at(OPflffi|± 400/i mg«t'fc5 0 
[ 0 0 4 2] 

p-A 1 G a N ^ y y K/f2 6G9±gB/l, S^p-GaN^y^ h JB 2 8 tt . T g[5 6 10 
2 a ^ |$ CD =i T Stf 6 2 a t^>|«lCffi«i-a^ h^^^^y y^3 0 t Lt»l8 S ilt l>6 

o 

p-GaNnv*? H2 8±4rWP LtS i 0 2 3 4 7)S, !) y 5^3 0 nSflSitJ! 

p-AlGa I n i' 7 7 Ki 2 6 (DS'JgllC^IJtltl^, 

p-Ga N3>^^ hS2 8 ± K li , Pd/P t / A u CO *B JI £ R M t)> b ft £ p « « 3 
6 t?2 fife £ *l > JgldS i 0 2 1 3 4 «i P Lt p ItS 3 6 i * M ^ 5 X 

S> K ^ 3 7 755 p fgjj co 61 # W U ft fiB <t UTS i O 2 ||3 4 ± |C IS it P> ft T I » 5 „ 
* tc , n-GaN3V^^hgl6±(r(i N T i / P t / A u »ai4lgi> G 4 5 n fl 
« & 3 8 7i 5 1& It T $> 5 o 

[ 0 0 4 3] 20 

l/-fx 1-7^/3 0, pfllti3 6&t;/<s/ K> ^^3 7 SrttS piSffiS ( j/ K 
^*3 7tft$t5) , & 0< IC n ffl II IS 3 8 it . ID 4 ( a ) & ( b ) (C jjk -f «fc 9 tC . 
G a NS« 6 2CO^Tg|56 2 aW^W»«±(Ofl|Sfl|jg(^Rlte>ix-C^-5. 
P fiij m. mm> (^y K>?*37) & t>' n $J « ffi 3 8 CO fflj a g|5 (i . 3 T gjS 6 2 a CO 43 ^ Cj 

1 0 0/itnf|fSSLTl>5„ f£ o T , ;/ K ^ ?*3 7 WlftSli i = T» 6 2 a CO ^ A ft £ 
CO ffi co 7 K ¥ Sg 81 S p RV n mmm 3 8 t => T SB 5 2 aCO^Jli[gi:co|3l07kspSg8tS n 

l± , # i: t> > 9 5^mT-fooT. p fflli 3 6 li = 7 g(l 5 2 a f, 5 O ^ m« 

[ 0 0 4 4 ] 

G a N^#ift:u-t'if 6 0^r(Mt5^l:tt, 5fe "f , n 7 If? 6 2 a t 3 7 gli 6 2 a t 30 

CO 7)S 4 0 0 „miS«CaNlfi6 2 Sr ffi ffl L , G a N{£ 6 2_hlCMOCVDy£^ 

IC «t o T Mil * , n M A 1 G a N P 7 y Kl 1 8 s nlGa N^^f K|2 0, G a I n N # 

fi ft T" # F (MQW) Pigcofg '14 JI2 2, pSGaN^-f F|24, p S A 1 Ga N 9 y 

V K M 2 6 , Sl?pSGa NayH H 2 8 f •> t J ft , ifii^ 

-r 3 „ 

[ 0 0 4 5] 

& ^ T* , SfiilWiroGa N|^i|«;u-f|^5 0i^lii:Lt > P §» it & to ¥ m ft 

m co g tt it m <& a . s ts ft *a a , a t>* e «= ft & *a a * m m m m t m -r „ 

GaNl^fffU-fl^SOtPilCLt, X Fy^/tty 7^3 O^ifilL; SiO 

2 13 4 yi/77-fliSlfiyfy^Jini^gUpSGa N^y?? 40 
hJ128_hcDSi0 2 «34tlaL. !) 7 h t 7»I Sr Iffl L t . p M *t ffi 3 

6 £ fiE -f 6 0 

^ -c , v y ^ 5 7 ^ to a , f^ui, 7 t-t7ini^iLt, 1213 ( e ) 

' : *t i 9(1, p«l3 6 tlf P «'l 51 # W L- « a <t Lt4*(?)37SfC6 

2 a CO ft m A- h 'P t£ < t t 0 u mitlt^Sffiil;, * ^ ft B ffi fi»J TM4 9 5 /x mitlt^ 
5<if l:^ 7 K /■ 9 3 7 £ J£ fife ir 5 0 

h g a n mm e 2 <nmffi &mm l r mmiw. is zmfenm- z icmw l , n -c & *r co = 

7»6 2 a O^JHi>e,'><t< i t 0 MmintKSfil-e, * S JS tT^ tt « T' (t 9 5 /i m M 
HtV'SfilfG a NS«6 2CO«ffi|CnffllJli1l6 4 Sr ® fife i" S . 
[ 0 0 4 6 ] 50 
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6 <7> y< y K * * /U- 3 7 s S t>' n feij ft & 6 4 # v G a Nlffi 6 2 » a 7S 6 2 a Kf|.©fl)| 
±»«i«li:Kit fjixt t^w f, ««y— *a*«ilM£tt, tt aft w it ^ m a * 7)5 ^ v x o 

1 0 0 4 7 ] 

^ m m m m 1 r v 2 r- n , a*t tto37»tst5G a Nssttti Lti»5*«, c ti 

l> > . HI 7 & U 5 El 8 f . 7 0(±StfiffiJ|E^^L. 7 2 f* U - if 7 h 7 -f 7° , s< y K > * , 
[ 0 0 4 8 ] 

£ 7c, I«S0i|t'lii7 U 7 yI»G a Ni¥I*i^--f f f^WCKf ti^^, 31 10 

7 y y i? S (c pg <b -f , iftii^aroGaN^^iftcu-fifictlfflT-IS. 

S tC % X h7^^^Wp<Si|«ffiS:iixfcGaN?S^^frU'--!f'm : ?-^^J(C±lfT^5 7)5 
. li^x h7-f 7Dtf4l>Ga Ni*#(*l/-flf , G a Nlfiy-l't- Kffoo 

Jg IC <± , GaNlFET J CGaNl--7 : D|A/q ; |;_ 7 h 7 >- ^ ^ (HBT) /fir'CO 
[ 0 0 4 9 ] 

[ 16 m <r> %i * 1 

# % tc .t h wt , is a * ite si . & v jw #j t* m m ft ± §e jij -c* <& a? m a m m & k # & 

5=7ffliSrtt5GaNl«4Itgtltftt\ G a NiSJ:l:G a Nl^lSIf 20 

JtilLfli: L T K; ft h tl it '< 7 K ^ */w£-*1-5ttffig|5£G a NSS« = 7g|l« 
^•Wffl^±ro«®«SitlcK:l7-5wttC«tt9, ftAliSW y - ^ Lt , GaN^^» 

[ 0 E © ffi m t£ K PI ] 

[Hi] Hi (a) l±IlII«iroGaN,lti#i/- Ifj&fwWfifc&Tn-TBIrEHK S 
£1* 0 1 ( b ) [± H M B m 1 <D G a N ^ ¥ m # — D* * © p fflj ® @ © 7 K T - A- R Xfi 

n m\ mm t => r as <t <d sa e m fi* & m -t w- m m r- $> s „ 

IS2] 132 (a) 7)>P> (c) fi* , tt ^ , IlfiMl WG a NltW^I^-ftf 
Srf^«i-5BroXS»«)»faBia-CfeS. 30 
[1213] 03 (d) t (e) It . -t n ix , 12 (c) itf/ffiDlOGaN 

[ SI 4 ] El 4 (a) li^JfeBffiCT2©GaN^^»f*U'-if^^-co«RicSr7ni-KffBlll. & 
U 5 0 4 ( b ) li*i3!5iW20GaN^#^«i:u-f^f©pi|S®(7)/'!5'K>^^St; 

o 

[ HI 6 ] 0 6 (a) (b) l± , ^ tl V , =>T$|5St/fS^<t^P(&Si*^t5iB^-rSGa 

NS^SW^IIHISt^tWSIIl-C-foSc 

[07] 07 (a) *» P, (c) (i , i tlt'tl, »ti^79i©EI^^t¥Iit'fc5 0 40 

[08] 08 c a ) t (b) ii , tnfji. iii^so«w^w^^co^r^©iae*^-f-¥ 

1 1 t* 5 , 

[09] tefiS;S?r^t/77ffo5. 

[0 1 0] KlsfG a N^i|i«*l'-f ^f0«i^jpt»ffi@ffc5 0 

[01 1 ] 01 1 ( a ) »4 , U - if 7 h 7 -Y 7° , /< 7 K 7< 7 A» R XI n M « « © E B <t => T 

ncD^mtnm^k^Trii-CaNWi^m^^ — fltrofllffc!), 011 (b) tl^titt. 
IC ffi A tt Sft C m A ] Sr^$WtC7tttJ73 [ m W ] R Xf ft) to W. I£ (V) ^ 9 , ffi A m ffi it W 
7)COP#&?>*ffiA«»ft*|-PnJDfl:EE(73M^$r7'77 (l) RTf ?* 7 y (2) T'^i-0T-fcS 

[0 1 2 ] ttJIW&<ftn«££Kfttt_h-?ii&t*IKdSff< 4oT^5ti^Kit59fi@ 50 



(12) 
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[ El 1 3 ] El 1 3 ( a ) tt x U - if X h 5 -< ~f > /<y K^^Xtf n (BtSOEIi a 7 
»oEIt wHff Sr«tG a Nai#i#i/-f *^(0^ffiH-ej) 0 , i l 3 (b) finite 
I^AII [mA] Sr^W(^*tti^i CmW) RXSWlMMJE ( V ) «: » 9 , & A ® jjfc *t ft tU 
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